plate fixation. Despite the progressive course of the concomitant sensorineural component, hearing gain remains beneficial over several decades.
Introduction
Osteogenesis imperfecta (OI) is a heritable disorder of the connective tissue with bone fragility, blue sclerae and hearing loss as the diagnostic hallmark features. The underlying genotype is in about 90% of cases a heterozygous mutation in the COL1A1 or COL1A2 gene. These encode for type I (pro)collagen, an important constituent in the extracellular matrix of bone, skin, blood vessels and sclerae. A mutation in either of these genes results in a quantitative or qualitative disturbance of type I collagen synthesis. A quantitative defect usually causes mild disease, whereas qualitatively impaired type I collagen synthesis may lead to severe and even lethal phenotypes [Byers et al., 1991] . Commonly a classification into four clinical types is supported, covering a mild (type I), a perinatally lethal (II), a severe (III) and a moderate (IV) phenotype [Sillence et al., 1979] . Subsequent to the recognition of recessive inheritance patterns associated with mutations in other genes, differentiation into more OI subtypes has recently been proposed [Basel and Steiner, 2009] .
It is believed that half of the patients with OI suffer from hearing loss, which develops independently of the underlying OI genotype [Hartikka et al., 2004] . Most often a conductive hearing loss arises in adolescence or young adulthood and evolves to a mixed hearing loss over time [Pedersen, 1984; Stewart and O'Reilly, 1989; Garretsen and Cremers, 1991a; Kuurila et al., 2002] . The hearing loss shows similarities with otosclerosis and is associated with bony changes involving the middle ear ossicles, in particular the stapes footplate, as well as the pericochlear temporal bone regions and the otic capsule. Both diseases were initially thought to have a common etiology [Hall and Ogilvie, 1961] . This hypothesis has been abandoned when histochemical [Holdsworth et al., 1973] and histological [Altmann and Kornfeld, 1967; Bretlau and Jorgensen, 1969; Brosnan et al., 1977] differences between otosclerosis and OI patients were established. In addition, atrophy and fractures of the ossicles have been encountered in OI patients undergoing middle ear surgery and, compared with otosclerosis, the hearing loss in OI has an earlier onset and is more often accompanied by a sensorineural component [Pedersen, 1984] .
In former days, the diagnosis of OI has put off otologists to perform stapes surgery because of a higher risk of complications, such as bleeding of the mucosa, ossicular atrophy and the progressive character of the sensorineural hearing loss component inherent to the disease [Cremers and Garretsen, 1989] , though, during the last few decades, reports on the results of stapes surgery in larger series of OI patients [Shea and Postma, 1982; Pedersen 1985; Cremers and Garretsen, 1989; Garretsen and Cremers, 1990; van der Rijt and Cremers, 2003; Kuurila et al., 2004; Vincent et al., 2005; Swinnen et al., 2009] have shown that a successful reduction in hearing thresholds may be expected in the majority of the OI patients with conductive hearing loss. Nevertheless, a few cases of total deafness following surgery have been reported [Garretsen and Cremers, 1990; van der Rijt and Cremers, 2003; Kuurila et al., 2004] , as well as less beneficial results when revision surgery is concerned [Shea and Postma, 1982; Garretsen and Cremers, 1991b; van der Rijt and Cremers, 2003] . Furthermore, the hearing gain tends to be eliminated in the long term because of progression of the sensorineural component which is inherent to the disease and occurs in both operated and nonoperated ears [Shea and Postma, 1982; Pedersen, 1985; Garretsen and Cremers, 1990; Ferekidis et al., 2000] . We expanded our previously published results on genetic, surgical and audiometric findings in 15 ears [Swinnen et al., 2009 ] with a larger sample of operated OI ears retrospectively obtained from several clinics in Belgium and the Netherlands. The postoperative audiometric follow-up is the longest, to our knowledge, published to date. Intraoperative findings, hearing gain and closure of the air-bone gap are compared with previously published series reporting on stapes surgery in OI. In addition, our results are evaluated with respect to the underlying OI genotype and the clinical OI type, both of which were identified in all subjects.
Methods

Subjects and Surgical Procedures
The patients were retrieved from a larger study on genotypephenotype correlation in OI. Forty-five out of the total number of 184 participating OI patients underwent stapes surgery uni-or bilaterally in the period of 1971-2010. After informed consent had been obtained from the patients, their audiograms and surgery reports were traced by contacting the otological surgeons involved. Patients who had been included in previously published series of stapes surgery were excluded from the present analysis. Twenty-two patients were identified whose audiological outcome data had not been published before [10 Belgian (4 males; 6 females) and 12 Dutch (5 males; 7 females)]. Twelve out of the 22 patients underwent stapes surgery bilaterally (55%), resulting in a total number of 34 operated ears. The mean age at onset of the hearing loss was 18 years (SD: 7.9) and ranged from 5 to 30 years. Primary stapes surgery was performed in 29 out of 34 ears (85%), whereas in 5 other ears we obtained the data of revision surgery only (15%). In 1 ear, revision surgery was performed twice. Out of the 29 primary operations, 24 were incudostapedotomies (83%). Partial and total stapedectomies were carried out in 1 (3%) and 4 (14%) other ears, respectively. Two revision operations were revision incudostapedotomies (33%), whereas the remaining 4 turned out into a malleostapedotomy (67%). Teflon platinum prostheses were used in all operations (100%).
A laser was used in 6 surgeries for coagulation of the mucosa around the promontory (18%) and in 9 ears for removal of the stapes suprastructure (26%) before proceeding to platinotomy. Usually, platinotomy or platinectomy was accomplished by manipulation of a microdrill (83%). However, in a few cases the laser was used to make the hole in the footplate (17%).
Analysis of Audiometric Results
Preoperative and postoperative audiograms were obtained from several medical centers in Belgium and the Netherlands. The duration of the postoperative audiometric follow-up ranged from 6 months to 37 years and, according to our previous series [Swinnen et al., 2009] , it was subdivided into short-and long-term postoperative follow-up on the basis of a cut-off value of 12 months. From all ears but 1, we disposed of short-term postoperative data. From 19 and 3 ears with primary and revision surgery, respectively, the postoperative hearing thresholds had been recorded in the long term with a mean follow-up duration of 14 years, ranging from 1 to 37 years. According to the recommendations of the Committee on Hearing and Equilibrium of the American Academy of Otolaryngology-Head and Neck Surgery, postoperative air conduction (AC) and bone conduction (BC) thresholds averaged from thresholds at frequencies 0.5, 1.0, 2.0 and 3.0 kHz were compared with those from preoperative audiograms [Monsell et al., 1995] . Thresholds at 2.0 and 4.0 kHz were interpolated to obtain a value approximating the threshold at 3.0 kHz when the latter was not available. Subtracting the individual pre-and postoperative average BC thresholds from the pre-and postoperative average AC thresholds provided the values of the average air-bone gap (ABG) at pre-and postoperative evaluation. ABG closure was defined as the preoperative minus the postoperative ABG. Furthermore, the hearing gain, i.e. the improvement of the average AC threshold, was calculated by subtracting the postoperative average AC threshold from the preoperative average AC threshold. Finally, preoperative minus postoperative high frequency pure-tone BC averages at 1.0, 2.0 and 4.0 kHz were calculated to obtain measures of overclosure or operative damage. In this manner, overclosure yielded positive numbers, and increases in threshold values yielded negative numbers. The parameters closure of ABG, hearing gain and BC closure were not calculated for the ears with a revision operation because the initial preoperative audiograms were not available.
All data were entered into SPSS version 15.0 software (SPSS Inc., Chicago, Ill., USA), for mathematical calculations and statistical processing. The paired t test was applied for comparison of preoperative with postoperative thresholds and for comparison of short-term postoperative with long-term postoperative audiometric parameters. A significance level of 0.05 was used throughout all analyses.
Results
Primary Surgery
Primary stapes surgery was performed in 29 OI ears from 19 different patients, with a mean age of 32.7 years (SD: 12.7; range: 13-69 years) at the time of surgery. Surgical notes and postoperative audiometric results are analyzed.
Intraoperative Findings Fixation of the stapes footplate was mentioned in the surgery reports of all primary operations (n = 29; 100%). In addition, footplates were reported to be thickened in 20/29 ears (69%) and brittle in 10/29 (34.5%). In 4 out of the 10 ears (40%) with brittle footplates, the laser was used to perform platinotomy, whereas in the remaining 6 ears (60.0%), the microdrill was used. Platinotomy was also achieved by use of the laser in 2 ears with thickened, but not brittle, footplates. An abnormally thin, but fixed footplate was noted in 1 ear (3%). Atrophy or fractures of the stapes superstructure were observed in 15 out of 29 ears (52%). The long process of the incus showed atrophic thinning in 3 ears (10%) and was remarkably gracile in 3 others (10%). The middle ear mucosa was visibly hypervascularized in 6 ears (21%), and also thickened in 2 of them (7%). In 6 ears, the operation was reported to be complicated by a higher bleeding tendency (21%), though interruption of the intervention not was required in any of the cases.
Audiometry
Compared to the preoperative values, the mean AC thresholds and ABGs averaged over 0.5, 1.0, 2.0 and 3.0 kHz had significantly improved at both short-term (p ! 0.001, paired t test) and long-term (p ! 0.001, paired t test) postoperative follow-up audiometry. The mean preoperative, short-term postoperative and long-term postoperative AC thresholds, BC thresholds and ABGs calculated from OI ears that underwent primary stapes surgery are presented in table 1 . In addition, the mean values for hearing gain, ABG closure and BC closure at short-and long-term postoperative follow-up are displayed.
Short-term postoperative follow-up audiometry was available in 28 out of 29 primary operated ears (97%) and was performed after a mean postoperative interval of 2 months (range: 1-9 months). The patients' mean age at short-term follow-up was 32.7 years (SD: 12.7, range 13-68 years). Compared to the preoperative audiometric evaluation, the average short-term postoperative AC threshold had improved by 24.3 dB (SD: 11.7; range: -0.6 to 44.4 dB). The hearing gain was larger than 10 dB in 26 out of 28 ears (93%), and even higher than 20 dB in 18 of them (64%). In 1 ear, the average short-term postoperative hearing gain was only 3.8 dB, and was marginally negative (-0.6 dB) in another ear. Short-term postoperative ABGs within 10 dB and between 10 and 20 dB were observed in 17 (61%) and 10 ears out of the 28 ears (36%), respectively. The ear with negative hearing gain showed short-term postoperative ABG exceeding 20 dB, though it was associated with an ABG closure of 8.1 dB. A negative BC closure of -6.7 in this ear indicated a slight, immediate postoperative deterioration of the high-frequency BC thresholds. A negative BC closure was also present in 10 other ears despite a positive hearing gain. In 7 of them, the high-frequency BC deterioration was smaller than 10 dB, but amounted to 30 dB in 1 ear at the shortterm postoperative follow-up. Overclosure, indicated by a positive value for BC closure or improvement of the average high-frequency BC threshold at the short-term postoperative follow-up, was reflected by 11 out of 28 ears (39%) and varied from 1.7 to 11.0 dB. In 7/28 ears (25%), no alteration of the average high-frequency BC threshold was noted at the short-term postoperative follow-up.
Follow-up audiometry continued after 12 months postoperatively in 19 ears with a primary incudostapedot-omy (66%) and had a mean duration of 16.2 years (SD: 10.9; range: 1.3-37.2 years). The patients' mean age at the long-term follow up was 45.3 years (SD: 9.8; range: 18-69 years). The mean long-term postoperative hearing gain was 27.7 dB (SD: 10.5; range: 8.7-47.5 dB). In 17 out of the 19 ears (90%), the mean long-term hearing gain was larger than 10 dB, and even larger than 20 dB in 14 of them (74%). In 1 ear, the long-term hearing gain was smaller than 10 dB (5%), and in 1 other ear the hearing gain was not calculated because of preoperative AC thresholds exceeding the maximal capacities of the audiometer (5%). Still, in this ear the long-term postoperative AC thresholds were determined and showed an improvement of hearing. The long-term postoperative value for ABG was missing as well because the postoperative BC thresholds were not obtained. An average ABG value below 10 dB was observed in 18 ears with long-term follow-up audiometry (95%). In 8/18 ears, positive values for BC closure indicated overclosure (44%), while deterioration of the average high-frequency BC threshold compared to preoperative thresholds was observed in 9 other ears (50%). This average high-frequency deterioration was smaller than 10 dB in 8 ears (44%) but amounted to 30 dB in 1 ear with a follow-up of about 5 years and a smaller than 10 dB deterioration at the short-term follow-up (5%). In 1 ear, the longterm postoperative high-frequency BC threshold was identical to that determined preoperatively (5%).
The mean annual increase in the average AC threshold calculated from the changes between short-and longterm postoperative follow-up in 19 ears was 0.1 dB/year (SD: 0.5; range: -0.5 to 1.33 dB/year), whereas the average BC threshold increased by 0.6 dB/year (SD: 1.5; range: -0.7 to 4.2 dB/year) postoperatively. The mean annual change in ABG was -0.5 dB (SD: 1.2; range: -3.8 to 0.6 dB/year).
Revision Surgery
Intraoperative Findings In 1 ear, revision incudostapedotomy revealed the prosthesis to be fixed in an extremely thick and hard footplate (20%). In this ear, a calibrated platinectomy for insertion of a new prosthesis was accomplished by use of a skeeter drill. In 3 other ears (60%), revision surgery disclosed a fractured and atrophic long process of the incus, responsible for dysfunction of the piston which had been attached to the incus. A malleostapedotomy was performed by placing another piston attached to the malleus handle. In 1 of these ears, reoperation was undertaken after 11 months because of a loosened and too short prosthesis. In a fifth ear with a former incudostapedotomy, the piston also appeared to be loose and was replaced by a new prosthesis which was again attached to the incus (20%).
The middle ear mucosa was reported to be thickened in 1 revised ear (20%), and thickened and hypervascularized in another (20%), but a higher bleeding tendency was mentioned in none of them.
Audiometric Results
The average AC thresholds as well as the average ABGs had improved at the short-term postoperative follow-up compared to the average AC thresholds and ABGs that were recorded before the revision operation in 4 of the 5 revised ears (80%). In the remaining ear (20%), revision surgery yielded no changes in AC, ABG or BC, though, in this ear, a second revision operation 11 months later resulted in an average AC threshold improvement of 46.3 dB. The mean AC threshold improvement and ABG reduction of the 5 successful revision operations in the short term were 34.4 dB (SD: 10.3; range: 23.8-46.3 dB) and 30.8 dB (SD: 7.7; range: 24.3-41.9 dB), respectively. The short-term postoperative ABG was below 10 dB in 2 ears (40%), between 10 and 20 dB in 1 (20%), and larger than 20 dB in again 2 other ears (40%).
Long-term audiometric follow-up was obtained in 3 out of 5 ears (60%) with revision surgery and had a mean duration of 5.9 years (SD: 6.5, range: 1.8-13.4 years). Compared to the AC thresholds obtained before the revision operation, the long-term postoperative AC threshold had on average improved by 44.8 dB (SD: 8.8; range: 39.4-55.0 dB). The long-term postoperative ABG was below 10 dB in all 3 ears (100%), while 2 of them (67%) showed ABGs larger than 20 dB in the short term.
No changes of average BC thresholds or high-frequency BC thresholds were observed at short-or long-term postoperative audiometry in any ear with revision surgery.
Genotype and Clinical OI Type
The genotype of all the included patients that underwent stapes surgery was characterized by a COL1A1 mutation, except for 1 patient who demonstrated a COL1A2 mutation. The latter patient demonstrated a conductive hearing loss which was apparently caused by an obliterated, thickened footplate in combination with atrophic stapes crura. Postoperatively the hearing gain was significant and was maintained in the long term. Mutations leading to a reduced amount of type I collagen synthesized were found in 18 patients (82%). Only 4 patients (18%) were affected by a mutation resulting in structurally inadequate type I collagen. No differences were observed for surgical findings or audiometric results with regard to the quantitative or qualitative type I collagen defect.
Of the 34 operated ears, 29 and 5 ears belonged to patients with OI type I (85%) and type IV (15%), respectively. Although they tended to a higher preoperative ABG, the patients with OI type IV showed similar intraoperative findings and a similar postoperative hearing gain.
Discussion
Beneficial postoperative audiometric results are reflected by the majority of the OI patients that underwent stapes surgery in the Netherlands and Belgium between the years 1971 and 2010. Postoperative follow-up audiometry continued on the longest term ever published, and indicates maintenance of the initial postoperative hearing gain without relapse of the preoperative ABG. In general, the sensorineural component only demonstrates a slight deterioration in the long term. Our current genetic, surgical and audiometric findings are compared with those of previous reports.
Primary Surgery Intraoperative Findings
The most frequent intraoperative findings of the present series are summarized and compared with those of other series in table 2 . A good agreement is observed between the present and our former series regarding the frequency of occurrence of the different surgical observations. Summing both our series and comparing them with the large series of Shea and Postma [1982] , Pedersen [1985] and Garretsen and Cremers [1990] reflects similarities in magnitude as well as in surgical findings ( table 2 ). The most frequently encountered peculiarity is a fixed footplate, which may be thickened or brittle. In addition, the ossicles may be fractured or atrophic, in particular the stapes crura. In our series atrophic or fractured crura always coexisted with bony ankylosis of the stapes footplate, whereas other authors have associated sudden hearing loss and a large preoperative ABG in a few OI patients with crural fractures in combination with a mobile footplate [Armstrong, 1984; Dieler et al., 1997; Albahnasawy et al., 2001] . The middle ear mucosa covering the stapes footplate or promontory may be thickened or hypervascularized, which may end up in excessive bleeding during surgery. By introducing some extra intervals of waiting time, one may overcome the latter complication without the need for discontinuance of the intervention. Coagulation of the mucosa around the promontory by use of the laser may also reduce the liability to abundant bleeding. Although it was not reported in the other large series and is more frequently encountered when revision surgery is concerned, an atrophic or even fractured long process of the incus may be observed in a few primary operated ears [Patterson and Stone, 1970; Armstrong, 1984] .
Audiometric Results
Our retrospective analyses yield beneficial audiometric results in the majority of OI patients that underwent primary stapes surgery in several hospitals in the Netherlands and Belgium. In the short term, a substantial postoperative hearing gain and a significant reduction of the ABG were found in more than 95% of the primary operated ears.
Remnants of chronic otitis media, particularly adhesions and erosion of the incus, may have contributed to an unsatisfactory postoperative result in 1 ear demonstrating a negative hearing gain and a slight sensorineural deterioration in combination with an only marginally reduced ABG.
After a mean long-term audiometric follow-up of 16 years, a significant hearing gain was maintained in 94% of the primary operated ears, and no relapse of the ABG occurred.
A similar success in short-and long-term hearing gain and ABGs was established as well in the present study as in our previously published Dutch series, including 13 ears with primary incudostapedotomy [Swinnen et al., 2009] . Furthermore, aggregation of the short-term results of primary surgery from both series provided a sample of which the results could be compared with those of other large series of similar magnitude. An overview is given in tables 3 and 4 , which reflect optimal accordance between 4 large series with regard to short-term postoperative hearing gain and ABG, respectively. However, closure of the ABG within 10 dB at the short-term follow-up was obtained in a larger proportion of operated ears in the other large series. The shorter interval after which shortterm audiometric thresholds were recorded in our studies (2 months) may be responsible for this difference, since further reduction of the ABG may be expected within the first 6 months following the intervention. In addition, other calculations were used to determine average thresholds and ABGs in the different series. Despite the longer follow-up period, a higher rate of long-term benefit on both ABG and hearing gain was obtained in our series than in other large series ( tables 3 , 4 ). On the other hand, 5 ears of which no preoperative audiometry or surgery reports corresponding to the primary intervention were retrieved, underwent revision surgery because of relapse of the ABG. These may count as primary surgery with unsatisfactory long-term results. Therefore, our percentage of long-term beneficial results after primary stapes surgery should rather be 78% instead of 94%.
Postoperative deterioration of BC thresholds of more than 10 dB due to operative damage may occur, but rather seems to be a rare complication. Total loss of hearing did not occur in our series but has been described in a few cases by others [Patterson and Stone, 1970; Kosoy and Maddox, 1971; Brosnan et al., 1977; Garretsen and Cremers, 1990; van der Rijt and Cremers, 2003; Kuurila et al., 2004] .
In figure 1 the mean preoperative thresholds and the mean postoperative thresholds at short-and long-term follow-up audiometry are presented for the 26 primary operated ears from the present and our previous Dutch series of which preoperative, short-term postoperative as well as long-term postoperative thresholds were available. From the preoperative to short-term postoperative audiogram, the AC thresholds distinctly improve, whereas BC thresholds apparently remain unchanged. Both AC and BC thresholds demonstrate negligible shifts from the short-to long-term follow-up. Studies including long-term postoperative audiometry mentioned a mean threshold shift of 8 dB in the long term without change in the ABG [Shea and Postma, 1982; Pedersen, 1985; Garretsen and Cremers, 1990; Ferekidis et al., 2000] . Despite a longer follow-up period, the average threshold increased by only 3.5 dB in our subjects, whereas the ABG remained constant. This resulted in an average annual increase in the BC threshold (21) 22 (51) 18 (29) F igures are numbers of ears with percentages in parentheses. n = Number of ears; n.a. = not available. 1 Ears with revision surgery excluded. (92) 26 (70) 5 (23) n.a. 10 < ABG ≤ 20 dB 0 1 (13) 1 (4) 7 (19) n.a. n.a. ABG >20 dB 0 1 (13) 1 (4) 4 (11) n.a. n.a. n = Number of ears; n.a. = not available. For each study the number of ears, the duration of follow-up and the mean values for ABG are given. The proportions for a specific result are expressed as absolute numbers with percentages in parentheses. Among the presented studies, thresholds at different frequencies were used to calculate the average ABG. In the present study and our previous study, averages were based on pure-tone thresholds at 0.5, 1.0, 2.0 and 3.0 kHz, whereas in the studies by Garretsen and Cremers [1990] and Shea and Postma [1982] thresholds at 0.5, 1.0 and 2.0 kHz were used to determine averages. Pedersen [1985] calculated averages from the thresholds at 0.5, 1.0, 2.0 and 4.0 kHz.
1 The percentage of favorable stapes surgeries resulting in a reduced ABG to a maximum value of 10 dB at the long-term follow-up assessment would correspond to 78% instead of 100% when the 5 ears requiring revision surgery after an initially successful primary stapes surgery, but of which insufficient data were retrieved, are taken into account. Short term n = 28 n = 13 n = 41 n = 58 n = 42 n = 51 Follow-up, months 2 1.5 1. 9  3  3  12  Mean HG, dB  24  26  25  24  25  30  HG ≥10 dB 26 (94) 12 (92) 38 (93) 49 (85) 37 (88) 43 (84) 0 < HG < 10 dB 1 (3) 1 (8) 2 (5) 5 (9) n.a. 6 (12) HG ≤0 dB 1 (3) 0 1 (2) 4 (7) n.a. 2 (4) Long term n = 18 n = 9 n = 27 n = 40 n = 34 n = 24 (25) n = Number of ears; n.a. = not available; HG = hearing gain. For each study the number of ears, the duration of follow-up and the mean values for HG are given. The proportions for a specific result are expressed as absolute numbers with percentages in parentheses. Among the presented studies, thresholds at different frequencies were used to calculate average HG. In the present study and our previous study, averages were based on pure-tone thresholds at 0.5, 1.0, 2.0 and 3.0 kHz, whereas in the studies by Garretsen and Cremers [1990] and Shea and Postma [1982] thresholds at 0.5, 1.0 and 2.0 kHz were used to determine averages. Pedersen [1985] calculated averages from the thresholds at 0.5, 1.0, 2.0 and 4.0 kHz.
1 The percentage of long-term beneficial results would be 78% instead of 94% when the 5 ears requiring revision surgery after an initially favorable primary intervention were taken into account. Because no data on their primary surgeries or preoperative audiograms were obtained, they were not included in the table or in the analysis of results from primary stapes surgery. of 0.6 dB/year, which is identical to the annual progression of the BC threshold established in a cross-sectional analysis of the hearing loss in operated and nonoperated ears in OI patients aged 10-45 years [Garretsen et al., 1997] .
Revision Surgery
According to Shea and Postma [1982] and Garretsen and Cremers [1991b] , less beneficial results may be expected from revision surgery, because the relapse of an ABG may indicate the pathological process to have progressed and to have caused severer middle ear involvement. Consistent with previous reports [Garretsen and Cremers, 1990; van der Rijt and Cremers, 2003; Swinnen et al., 2009] , the most often reported surgical finding in the present revision operations was atrophy of the long process of the incus at the site where the prosthesis had been attached with loosening of the piston. The incus may even be fractured, inducing the necessity to crimp a new prosthesis on the malleus handle. After performing a second revision in 1 ear, all the ears with revision surgery in the present series demonstrated improved hearing. A higher rate of failure with regard to revision stapes surgery in OI patients was reported in our former series [Swinnen et al., 2009] and in series of other authors [Shea and Postma, 1982; Garretsen and Cremers, 1991b; van der Rijt and Cremers, 2003 ].
Genotype and Clinical OI Type
Our previous report on the results of stapes surgery in 12 OI patients suggested an association between the development of bony changes affecting the stapes footplate and middle ear ossicles in OI and a causal mutation in COL1A1 , since the latter was identified in all of them [Swinnen et al., 2009] . Although the majority of the patients in the present series were also identified with a COL1A1 mutation, 1 patient was affected by a COL1A2 mutation and demonstrated bilateral conductive hearing loss caused by identical middle ear changes as found in patients with COL1A1 mutations. Whether the mutations lead to quantitatively or qualitatively impaired type I collagen synthesis does not seem to influence the intraoperative findings or postoperative hearing gain. Therefore, the underlying OI genotype is not assumed to be a determining factor for bony ankylosis of the stapes footplate or atrophy of the ossicles, nor for the success of stapes surgery. Furthermore patients with OI type I and those with OI type IV apparently demonstrate similar surgical findings and similar hearing gain after stapes surgery.
Conclusions
In a fourth large series of retrospectively obtained results from stapes surgery in OI patients, the longest postoperative follow-up audiometry ever published reveals remarkably beneficial results. In contrast to other series in the literature, the present data were retrieved from several medical centers, and surgeries were performed by different surgeons applying various techniques, which might have induced some bias in our results. Nevertheless, the hearing gain and reduction of ABG were similar to those reflected by previous series of equal magnitude. The long-term results reveal a better hearing gain preservation continuing for several decades in the majority of the patients. Because of the high liability to encounter brittle, obliterated footplates and hyperemic mucosa, the surgeon performing stapes surgery in OI patients may take advantage of a laser. In a few operated ears revision surgery was needed, most often because of erosion of the long process of the incus, which requires a new prosthesis being attached to an alternative location. In contrast with previous reports, a good postoperative result is obtained in most of the ears with revision surgery after an initially successful primary intervention. Apparently, the underlying OI genotype is not a determining factor for success or middle ear pathology; however, operated patients with a COL1A2 mutation are scanty. Finally, postoperative hearing gain and intraoperative findings observed in operated patients with OI type IV or OI type I are identical.
